Introduction: Simulator training can potentially provide high-intensity training in electrophysiology (EP) without compromising patient safety. We assessed the construct validity of a novel EP simulator (ANGIO Mentor; Simbionix) and developed proficiency-based scores for clinical EP simulator training. Methods: Two European training centers participated. Participants were grouped on the basis of years of EP experience and (for a subset) subjectively scored clinical catheter manipulation skills. Each participant attempted the simulator's 5 modules 3 times. These modules focus on catheter manipulation in 3-dimensional models, ranging from geometric shapes to fluoroscopic contracting cardiac models, with performance scored by the system on the basis of attainment of preset targets. Using these scores, targets were formulated for basic EP training. Results: Twenty-eight participants were included (13 with subjectively scored catheter manipulation). Scores for participants with less than 1-year EP experience (group 1) were significantly lower for each of the attempts at the modules (P < 0.002). For group 1 only, scores improved with subsequent attempts (P < 0.005). In 4 of the 5 modules, scores of group 1 were significantly lower than the more experienced groups (P < 0.0005). Participants with subjectively scored above-average catheter manipulation skills also had higher scores in 4 of the 5 modules (P < 0.05). Target scores for a proficiency-based training program were generated from the median scores for each module for those with 1-year experience or more. Conclusions: Scores attained in the simulator can distinguish those with less than 1-year EP experience and those with above-average catheter manipulation skills. Consequently, target scores have been generated for a proficiency-based training program.
Invasi ve cardiac electrophysiology (EP) requires an integration of manual skills related to catheter manipulation and intellectual skills related to the interpretation of intracardiac electrograms. For the acquisition of any new skill, there is a learning curve evident, and during this phase, performance is suboptimal, including higher complication rates. [1] [2] [3] Moreover, reductions in the working hours for trainees increases the need for concentrated, high-quality training to overcome this learning curve. 4 In the context of the modern training environment, the traditional apprenticeship style model where new operators observe or assist an experienced operator with a procedure before attempting it themselves may therefore not be sufficient and may expose patients to unnecessary risk. Simulator training may address these needs and has been studied in procedural specialties outside of cardiology. 5, 6 In small studies in cardiology, simulation has been found to improve performance with transesophageal echocardiography, coronary angiography, and intervention. [7] [8] [9] In EP specifically, there is a paucity of data regarding simulators in training, with only 2 previous publications including only 7 or 14 participants, respectively. 10, 11 Simulation training has been mandated as part of cardiology training by the US Accreditation Council for Graduate Medical Education and recommended by the Society for Cardiovascular Angiography and Interventions. 12 In a recent survey focused on interventional cardiology simulators, simulation training was used by only 24% of responding centers and few respondents felt the simulator experiences available were actually similar to those of a real catheterization laboratory. 12 Therefore, there is an increasing recognition of the importance of simulator training in cardiology but a lack of data regarding how realistic available simulators are. The latter is an important consideration and has been highlighted as one of the variables influencing the impact of simulation-based training. 13 Consequently, in the process of developing simulators for medical procedures, validation is essential to ensure that the simulation closely replicates clinical settings-the construct validity.
In this study, we have evaluated an EP simulator, which simulates catheter manipulation and scores participants' performance for this. We hypothesized that scores in the simulator modules would be significantly better for participants with greater clinical EP experience and those with greater clinical catheter manipulation skills. If this was the case, this would be considered an indicator of the validity of the simulator construct; in other words, a realistic simulation of catheter manipulation is being presented by the system. Using this basis, we aimed to generate target scores to incorporate into a proficiency-based EP training program.
METHODS Simulator Description
The ANGIO Mentor simulator (3D Systems Healthcare, Littleton, Co) was used in the study, Fig. 1 . Two centers were involved in the evaluation: St Bartholomew's Hospital, London, United Kingdom, and Ospedale di Circolo e Fondazione Macchi, Italy. The study complied with local ethical approval guidelines.
The simulator interface consists of a unidirectional handle (Biosense Webster Inc., Diamond Bar, Calif ) connected to a catheter shaft and fed into the access site on the simulator (Fig. 1 ). The simulated catheter is then displayed on a computer display. The participant is able to control biplane imaging views through the simulator. As the catheter is manipulated within the simulator, the participant receives haptic feedback through the catheter shaft; therefore, for example, when the simulated catheter tip impinges against the wall of a simulated structure, an increasing resistance to catheter manipulation at the simulator interface is felt.
The 5 basic EP modules available on the ANGIO Mentor were assessed (Fig. 2) . These modules aim to simulate the manipulation of a conventional deflectable catheter within a 3-dimensional environment (without electrograms).
The first module involves navigating the simulated catheter within a geometric structure to reach sequential targets. As for all of the modules, once a target is reached by the catheter tip, the catheter tip must be held stationary for 3 seconds for that target to be deemed successfully attained. Points are awarded for each target, and the sum of these gives the score for the module. For each target, the quicker a target is attained, the higher the score. The second module involves manipulating the catheter within a more complex geometric shape, and in this instance, targets are presented simultaneously. The third module involves manipulating the catheter within a 3-dimensional, beating heart model. In this case, the targets are anatomical sites such as the high right atrium, coronary sinus, right ventricular apex, foramen ovale, and left-sided targets including the pulmonary veins. The fourth and fifth modules present similar anatomical targets on the right and left side of the heart, but in this case, the image presented is a fluoroscopic, biplane image, activated by the participant depressing a fluoroscopy pedal. Although the simulated fluoroscopy times were recorded by the simulator, these were not included in the analysis because the basic EP modules are purely anatomical with no simulated electrograms displayed to aid catheter placement. Therefore, imaging is the only guide that the participant can use for navigation.
Validation Process
Participants were selected on the basis of never having used the simulator previously, and their expertise in EP was graded on the basis of the scheme presented in Table 1 . Before using the simulator, participants had a one-to-one tutorial covering how to use the simulator and regarding the principles of catheter manipulation. Each participant completed each basic EP module 3 times at a single sitting. A maximum of 4 minutes for each attempt for each module was allowed, except for module 2 where 4 minutes and 30 seconds were allowed. Participants had control of their imaging in terms of simulated C-arm and table manipulation. The participants were supervised during their use of the simulator, but the supervisor was not permitted to assist the participant (apart from in the set-up of the simulator if required). The score for each attempt was recorded as well as the experience level of the participant.
As a secondary validation comparator, rather than just using the experience in years to group the participants, in a subset of participants, their clinical catheter manipulation proficiency was also graded by 4 supervisors on the basis of observation in the cardiac catheter laboratory at the start of the study. This was performed on a subjective scale where 10 is excellent, 1 is poor, and 5 is average. This scoring was performed without access to the simulator scores or consultation between supervisors. The supervisors themselves were not included in this part of the study. The median scores for each participant were used for analysis with participants divided into 2 groups on the basis of whether or not above average (median score >5).
Statistical Analysis
Statistical analysis was performed using SPSS (IBM SPSS Statistics, Version 20; IBM Corp, Armonk, NY) and Matlab V7.12 with Statistics Toolbox V7.5. A P value of less than 0.05 was taken to indicate statistical significance. Data were analyzed using a Mann-Whitney U or Kruskal-Wallis test, if unpaired, or otherwise a Friedman or Wilcoxon signedranks test, if paired. Correlations were assessed using the Spearman rank correlation. Data are presented as median (interquartile range).
RESULTS

Simulator Validation
Twenty-eight participants took part in the evaluation at the 2 centers. The experience level of the participants is presented in Table 1 . More than half of the participants had less than 1-year EP experience (group 1).
For the cohort as a whole, assessments of the total scores for all of the modules together for each participant at each attempt are displayed in Figure 3 and Table 2 . For all of the modules together, the scores for group 1 were significantly lower than the rest of the cohort at each of 
To determine whether the scores in particular modules were more discriminatory for experience level (and therefore more contributory to a potential training program), the performances of each participant in each module individually were assessed. The median scores for the second and third attempts by participant were compared across the groups for the 5 basic EP modules (Fig. 4) . There was a significant correlation between the experience grade of the participant and the score achieved for all modules other than module 5 (Spearman ρ, P = 0.15). The correlations were strongest for the first 3 modules and of moderate strength for the fourth module. The correlation in scores with experience level for modules 1 to 4 seemed to be driven by the lower scores in group 1, because the results from this group were significantly lower than the rest of the cohort combined (Fig. 4) , and if this group was removed from the cohort, there was no longer a significant difference in the scores between the remaining groups (P > 0.1 for modules [1] [2] [3] [4] .
Thirteen participants in the study had their clinical catheter manipulation proficiency graded. Those with above-average proficiency (score >5/10) had significantly higher scores in each of the modules (Fig. 5 ), other than module 5 (P = 0.4).
Definition of the Target Scores for Proficiency-Based Training
Target scores for proficiency-based training were generated on the basis of the median score achieved by participants beyond group 1.
DISCUSSION Main Findings
The current study demonstrates that the scores attained in the basic EP modules of the ANGIO Mentor simulator are able to distinguish participants with less than 1-year EP experience (group 1) from those with 1-year experience or more. The results are consistent with those for the subgroup where scores are compared for those with aboveaverage subjectively scored catheter manipulation skills and those with a lesser skill level, with the former having significantly higher scores. Based on these findings, target scores have been formulated for trainees new to EP to attain before being permitted to undertake EP procedures on patients as part of a proficiency-based training program.
Simulator Validation
The focus of the current study was to validate the simulation of catheter manipulation presented by the ANGIO Mentor simulator. Similar work where operators with different experience levels are scored in their use of a simulator to assess the validity of the simulation itself has been performed for coronary angiography simulation and is a necessary step before incorporating a simulator into proficiency-based training program (to allow the parameters for proficiency to be defined). 14 The study demonstrates that the modules as a whole and individually are able to distinguish those with minimal EP experience (or below-average catheter manipulation skills). It is not surprising that more experienced operators could not be distinguished between, because the modules are focused on basic catheter manipulation skills. This is likely also the reason for which the scores in subsequent attempts for those beyond group 1 did not significantly increase with each attempt at the simulator modules; this group already had sufficient basic catheter manipulation skills, whereas for those in Group 1, their scores would improve as they developed their skills with each attempt. It may well be that a simulation of a more complex nature, such as electrograms or more complicated catheters such as bidirectional catheters, would be able to further distinguish between higher-experience groups.
One caveat with the findings is that the scores in module 5 were not able to distinguish between different EP experience grades (or between those with above-average subjectively scored catheter manipulation skills vs. those with lesser skills). The correlation between performance and experience level was also slightly less strong for module 4 compared with the previous modules. This suggests that the fluoroscopic cardiac model used needs refining or it could reflect fatigue impairing the participants' performance (because all of the modules were undertaken in the same sitting, in order, with module 5 last). Although the latter point could be addressed by attempting the modules in a random order, this was not felt as appropriate because the modules increase in difficulty, and so if a novice user began with a fluoroscopic module first, it may place them at a greater disadvantage. Another possible approach would have been to incorporate an enforced break in the simulator session for the appraisal; this was not done here for practical reasons.
Proficiency-Based Training Program
In one of the participating institutions (St Bartholomew's Hospital), there is now a policy that trainees new to EP are not allowed to perform procedures on patients until they have attained the minimum scores outlined in Table 3 for each module, as part of a proficiency-based training program. This approach rather than a fixed time or fixed numbers-based program was chosen because this has been suggested to produce better results, likely because of the individual nature of learning curves for procedural skills. 5 Module 5 was included in the training program, although it is appreciated that the scores obtained in that module were not discriminatory for experience level. To generate the proficiency-based scores, we did not use the results from the analysis of the cohort whose clinical proficiency was subjectively scored because this was a subjective score, on the basis of a smaller cohort, and did not include the supervisors (and so omitted the highest grade individuals from the experiencebased scheme).
Rather than being used as a means to train EP fellows, an alternative use of the simulator could be in selection of fellows for EP training, with potential EP fellows not being allowed to enter EP training until they are able to achieve the scores in Table 2 . This is not the approach suggested by the authors on the basis that simulator training should be a part of EP FIGURE 5. Box plot of scores for each module by subjective clinical catheter manipulation proficiency score. The cohort was divided into an above-average group (scoring >5/10) and those that scored 5/10 or higher. *P < 0.05 for comparison between the 2 groups. training and that with time, all trainees should be able to develop basic catheter manipulation skills; those with lesser proficiency could be intensively trained on the simulator in a risk-free environment and only when competent operate on patients.
Limitations
Ideally, one would have wanted equal numbers of participants in each group. This was not the case here though, with the more than half of the participants being novices. This could have been an alternative reason for the simulator being unable to distinguish between the more experienced operators. The results of the study do not prove that prolonged use of the simulator will improve the clinical performance of those with less than 1 year of experience to the level of someone with greater experience, but such an assumption seems reasonable in the light of previous data studying the impact of simulation training on catheter manipulation and transeptal puncture. 10, 11 In this study, only 1 type of simulator was assessed with only 1 type of catheter handle; it may be that the results (and especially the target scores) cannot be generalized to other pieces of equipment.
The scores in the fluoroscopic modules were less discriminatory for experience level as discussed previously. An important alternative reason for the lower scores in the fluoroscopy modules is that experienced operators may have been more hampered by the lack of electrogram data in these modules. In clinical procedures, not only is the visualized catheter used to navigate to locations but also the electrograms. The simulator modules did not include the latter-targets were used instead. In the fluoroscopy modules where less anatomical data were available, this may have represented a greater disadvantage. Learning to use electrograms is a vital part of EP. The simulator removes this aspect though to allow participants to focus on catheter manipulation rather than navigation. The simulator also uses low fidelity (abstract models) before progressing to higher fidelity (fluoroscopic models). This has the advantage of teaching the participant to manipulate the catheter in increasingly complex environments (without overwhelming them with a high-fidelity, complex environment from the outset). Therefore, the limitations in the simulator's fidelity (with regard to the omission of electrograms and the use of less complex models initially) are in fact advantageous from the viewpoint of learning clinical catheter manipulation skills.
CONCLUSIONS
In this study, we investigated the construct validity of the ANGIO Mentor simulator basic EP modules. We found that the scores in 4 of the 5 modules were significantly higher for those with more than 1 year of EP experience and those with subjectively assessed above-average clinical catheter manipulation abilities. On the basis of the scores achieved in the modules, we have developed a proficiency-based program for basic EP training. The use of the simulator in the context of such a training program has the potential for improving the quality of training in EP, as well as the safety of patients.
